PURPOSE
The analysis will show the consequences should the solid sodium in the Secondary Sodium Tank react with a presumed layer of water in the cell. The Peer Review Checklist is attached.
PHYSICAL DATA
Tank T-44 is the Secondary Sodium Tank. The tank is 12 ft in diameter. The body of the tank is 31 ft, 8 inches long (31.67 ft). There is an ellipsoidal head on both ends. The total length with the heads is 38 ft, 7.625 in. The head and shell thicknesses are 1.125 inches each. (Data from Drawing H-4-11713).
Tank T-44 is in a cell. The base of the cell is at £1. 503 ft, 0 inches. The cell is 24 ft tall, 43 ft long and 20 ft wide (data per drawing H-4-14416). (See Figure 1) The only openings are in the top of the cell.
ASSUMPTIONS
1. 30 gallons of sodium are in Tank T-44 (email from Tom Burke to R. MarusichAttachment 1). The sodium is solid. It is assumed to be evenly distributed over the bottom of Tank T-44.
2. Sodium fills the base of the tank from one end of the barrel to the other. To simplify, the determination of sodium thickness, it is assumed that there is no sodium in the ellipsoidal heads.
3. Pool of water exists on the floor of the cell containing Tank T-44. The depth of the pool is slightly greater than the peak thickness of the solid sodium volume in the tank.
4. Tank T-44 immediately and catastrophically fails such that all ofthe sodium in the tank enters the water at the same time.
5. Since the sodium density is less than that for water, sodium floats in water. Therefore, the top surface of the solid chunk of sodium does not react with water.
6. The reaction rate, as a function of the area (units of g/s-cm 2 ) of solid sodium in the water, for a large chunk of solid sodium is the same as that taken from small samples.
7. All hydrogen from the sodium-water reaction immediately reacts with air on the surface of the sodium due to the heat of the reaction (i.e., hydrogen auto-ignites and "bums" in air).
8. Expansion ofthe cell air due to the heat ofthe sodium-water reaction transports the suspended sodium hydroxide out of the cell.
9. The distance to the offsite person is 4.5 miles per FFTF Safety Analysis Report.
REACTION OF SODIUM AND WATER
Per e-mail from Tom Burke to R. Marusich (Attachment I), 30 gallons of sodium are in the tank. It is assumed that the tank "disappears" instantly (a long crack opens in the base of the tank) and 30 gallons of solid sodium enters a presumed pool of water on the floor of the cell such that all ofthe sodium reacts.
REACTION EQUATION
The reaction is Na + HzO --t NaOH + 0.5 Hz.
Hydrogen tends to bum immediately in the pressure of air. The sodium hydroxide dissolves in the water.
It is assumed that all of the hydrogen immediately reacts with air as it is generated. Therefore the reaction is Na + HzO --t NaOH + 0.5 Hz 0.5 H 2 + 0.25 O 2 --t 0.5 H 2 0 or Na + 0.5 H 2 0 + 0.25 02 --t NaOH.
REACTION HEAT AND RESULTS OF AN INSTANTEOUS REACTION
The heat of reaction is found by subtracting the heat of formation of the reactants from that of the products. There is 110 kg or 4783 moles (using 23 g/mole).
The heat liberated by the reaction is H =(327 kJ/mole)(4783 moles) = 1.56 x 10 6 kJ or 1.56 x 10 9 J.
The volume of the cell is determined next. Since the sodium tank has an opening that runs the full length ofthe tank and is 2 ft wide (see Section 2.1), the void volume within the tank is counted in the volume ofthe cell. The volume of water on the floor is negligible as compared to the over-all cell volume. The tank volume is v = (24 ft)(20 ft)(43 ft) =20,640 fe =5.84 x 10 5 L.
At 298 K and 1 atm (initial conditions), there is 23,900 moles of air (using the ideal gas law with the gas constant of 0.082 L-atmlmole-K) in 5.84 x 10 5 L.
Air is mainly composed of79% nitrogen and 21 % oxygen. Therefore, of the 23,900 moles of air in the cell, there are 18,880 moles of nitrogen and 5020 moles of oxygen. After the reaction there are fewer moles of oxygen. One mole of sodium reacts with 0.25 moles of oxygen. There are 4783 moles of sodium. So, after the reaction there are 1196 fewer moles of oxygen. At the completion of the reaction, the total moles in the atmosphere in the cell are 18,880 moles of nitrogen and 3820 moles of oxygen for a total of 22,700 moles. Cell pressurization is due to expansion of the air due to heating.
The average specific heat of nitrogen and oxygen between 300 K and 3000 K is 1.18 J/g-K and 1.08 JIg-I<, respectively (Data from www.engineeringtoolbox.com). Ignore the water vapor that may go into the air by the heat of the reaction and assume all heat goes to the air. The temperature increase is found by the equation below. The heat absorbed by the water and that absorbed by the walls is ignored for conservatism and due to the speed of the reaction (see Section 2.1). The equation is:
Q=mCyLlT
Where Q = heat added, kJ = 1.56 x 10 9 J m = mass in atmosphere, moles = 18,880 moles of nitrogen = 3820 moles of oxygen R = ideal gas law constant = 8.314 J/mo1e-K C p = specific heat of nitrogen at constant pressure = (1.18 kJ/kg-k)(28 g/mo1e) = 33 J/mole-K Cy = specific heat of nitrogen at constant volume, J/mole-K =Cp-R = 24.7 J/mole-K C p = specific heat of oxygen at constant pressure = (1.08 kJ/kg-k)(32 g/mole) = 34.6 J/mole-K Cy= specific heat of oxygen at constant volume, J/mole-K =Cp-R = 26.3 J/mole-K LlT = temperature rise, K.
Using the end point moles of nitrogen and oxygen (18,880 moles of nitrogen and 3820 moles of oxygen) and solving, yields a value for LlT of 2750 K. The final temperature is 3050 K.
The final pressure, using the ideal gas law with 3050 K, 18,880 moles of nitrogen and 3820 moles of oxygen is 9.7 atm or 143 psia or 128 psig. The tank is 31.67 ft long with ellipsoidal heads. It is assumed that there is no sodium in the ellipsoidal heads to determine the height of solid sodium in the tank, the area of a circular segment must be determined.
The area of a circular segment (see Figure 2 ) is taken from standard handbook geometrical equations for areas of portions of a circle. The area is:
Where, in this case r = 6 ft or 72 in.
The volume of sodium is 0.114 m 3 or 4 fe. The length of the solid sodium is 31.67 ft (or 9.7 m). The area is 0.126 ft' or 18.2 in 2 .
Solving for eyields 0.349 radians.
The value of (r-h) is
Solving for (r-h) yields 70.91 in. This makes "h" 1.09 inches (as r is 72 inches).
The flat surface of the circular segment is
The arc length given by: Assume the entire piece enters the water at the same time. Sodium is less dense than is water therefore it floats on the surface but almost submerged. As a result, only the bottom portion will assumed to react. The reaction area is the arc length times length Reaction area = [(25 in.)(2.54 cm/in)][(9.7 m)(lOO cm/m») = 6.16 x 10 4 cm'
It is assumed that the reaction rate found above for small pieces of solid sodium can be applied to large pieces as well. 
TOXICOLOGICAL CONSEQUENCES
There are 4 different openings in the ceiling of the cell (see Attachment 2). The ventilation duct penetrates the ceiling in the SW corner of the cell. A pipe chase penetrates the ceiling in the SE corner. Electrical conduit penetrate the ceiling near the center of the cell. An opening exists in the ceiling toward the north end to allow manned entry into the cell. There is a hatch cover over this opening. The pipe chase and electrical conduit are sealed, in that one can not look into the cell, however these seals are not air tight and could be blown out.
For purposes of this analysis it is assumed that all of the generated NaOH is suspended in the atmosphere of the cell and is transported out of the cell due to expansion of the cell atmosphere caused by the heat generated by the reaction.
The generation rate of sodium hydroxide is found from the chemical reaction in which I mole of sodium reacted to form I mole of sodium hydroxide. 
=18 Mw (rounded up)
There are two cases to be considered for toxicological release. The first is the unmitigated case. In this case the heat from the reaction causes the air in the cell to expand. The expanding air carries the NaOH particles out of the cell into the atmosphere where wind carries it downwind. The other case is where the building above the cell exists. The expanding air carries sodium into the building. It can still be transported out of the facility but not as an expanding plume. In this case the release is an area source as the release will travel through a number of external exits to the building, to the atmosphere and then carried downwind as a non-buoyant plume.
The first case considered will be the unmitigated case. The downwind concentration of sodium hydroxide is given by
Where G =release rate of sodium hydroxide, mgls The diameter is taken to be the diameter of a circle whose area equals that of the cell as the larger the diameter, the greater the XlQ. The cell is 43 ft by 20 ft. The equivalent diameter is 33 ft or 10 m. So the input to Cell H21 is 10 meters.
The XlQ is found to be (See Attachment 3).
• 6.9 X 10.
5 onsite (Cell G39), and
• 2.6 x 10. 6 offsite (Cell 139).
Using these values, the sodium hydroxide concentration is The onsite concentration exceeds ERPG-3. The offsite concentration is ERPG-2.
Consider a case where there is some heat transfer to the walls, ceiling and equipment. This assumption is made to see how cooling affects the toxicological release. A lower heat rate results in a lower plume height and greater concentration of sodium hydroxide. For purposes of illustration, assume the cooling is such that the effective heat rate is 4 Mw not 18 Mw. This corresponds to the walls, ceiling and equipment absorbing 75% of the generated heat. Now X/Q is (See Attachment 2)
• 2.8 X 10-4 onsite, and
• 8.7 x 10-6 offsite.
The concentration is 616 mg/m 3 onsite (exceeds ERPG-3), and 19 mg/m 3 offsite (exceeds ERPG-2).
Even at a lesser heat rate, the effect (in terms of which ERPG is exceeded) remains the same.
Thus for the case of a unmitigated release,
• the onsite concentration (at 100 m) exceeds ERPG-3, and • the offsite concentration exceeds ERPG-2 but not ERPG-3.
The concentrations from both of these calculations are "HIGH Consequences" per Table  2 -3 of HNF-8739, Hanford Safety Analysis and Risk Assessment Handbook (SARAH), Rev. 1. As a result there is no need to look at the case of a release into the building. Those results cannot be any worse (in terms of categorization).
3.3
PRESSURIZATION Section 1.4 shows that the cell pressurization is due to expansion of the air due to heating. The final air temperature, shown in Section 1.4 is 3050 K. At I atm, and 22,700 moles (endpoint conditions after some oxygen is used in the reaction with sodium), the volume needed to accommodate these conditions is Solving for D.P yields 0.13 psig.
The pressure difference between the cell holding Tank T-44 and the area into which the air flows is small. This means that the area into which the air flows is also pressurizing. This area is the cell above the cell containing Tank T-44. Now consider the conditions in the cell holding Tank T-44 and in the cell above. The cell above is 22 ft wide, 56 ft long (to the wall south ofY-9 and Y-12) and 17.75 ft tall (assuming that the ceiling is 2 ft thick (scaled off of the drawing). The volume is 6.2 x 10 5 L. The volume is about the same as the cell holding Tank T-44.
The number of moles in the cell above is 25,400 at I atm and 298 K. Assume no cooling and complete mixing such that the temperature rise in both rooms is half that in the cell holding Tank T-44 or one-half of 2750 K or 1375 K. The final temperature in both cells is 1673 K. The total moles in both rooms is Total moles = 18,880 + 3820 + 25,400 =48,100 moles.
Using the ideal gas law with 48,100 moles, 1673 K and 1.2 x 10 6 L, yields a final pressure of 5.5 atm or 66 psig.
The effects of the pressure increase are as follows:
•
The ventilation duct will likely be blown out at some location. If the duct can withstand the forces due to the flow resulting from a pressure of 65 psig, the filters will be blown out.
• The North wall (wall between equipment E-604 and Y-9 and Y-12) does not appear to be a substantial wall and as a result will likely fail.
• The hatch cover and the packing in the electrical and piping penetration between the cell holding Tank T-44 and the cell above will blowout. Drawing H-4-13 123 shows what appears to be a concrete block wall in the East wall of the cell above that which holds Tank T-44. If this is the case, the block will be blown out.
• The cell adjoining the one above that holding Tank T-44 will be pressurized and experience similar structural failures as those listed above, if the wall is concrete block. This effect could cascade into other cells depending on the details of construction, the large flow paths to other cells (e.g., stairways) and speed of cooling. Table Top this afternoon in support of FFTF preparing to go into a long term S&M condition. Other participants were Bill Dautel, John Dale, Dave Polzin, Ed Dodd, Bernie Nowack, and Jeff Marusich. One of the "events" we decided to have analyzed is a sodium water-reaction in the cell containing our secondary sodium storage tank which has an estimated 30 gallons of residual sodium remaining in it. It was suggested that you would be the best person to do the analysis. Here is the scenario:
-A large quantity of water accumulates in the cell containing the tank -The tank essentially "disappears" by some unspecified mechanism (corrosion over a long period of time?)
-The 30 gallons of sodium react completely with the water (Na + H20 => NaOH + 1/2H2 + Heat) -All of the hydrogen generated is retained in the cell and mixes with the air in the cell (free volume of 13,100 ft3 per HEDL-TME 75-122). I assume the mixture will be above the LFL.
-II ignites. All of the energy from the hydrogen burn as well as the original sodium-water reaction raise the pressure in the cell (assume no leakage even though there certainly will be). What is the pressure? Is it really a detonation and treated differently than just raising the pressure?
I tried to quickly find the "design" or allowable pressure for the cell but couldn't. Maybe Bill or Dave can do that next week. I guess they'll also have to provide you with a charge code. There are 4 different openings in the floor of cell 431 that connect to cell 401 below. The H&V ducts go through an opening in the southwest corner, some piping goes through an opening in the southeast corner, some electrical conduit goes through an opening along the east wall (near the center of the room), and there is an opening toward the north end along the east wall for manned entry into cell 401. 'Any calculations, commenls. or nates generated a, palt of thlll1lvlew should be signed. dated and _""ed to this
checklist Su"" material should be labeled and recorded in IUch a manner as to be intelligible to a technically qualified third party,
